Mortality among patients suffering from meningococcal septicaemia has reached nearly 50% in parts of northern
All four patients were given digitalis to prevent myocardial failure. Intermittent positive pressure ventilation with positive end expiratory pressure was started as soon as possible in cases of pulmonary insufficiency. Our routine surveillance programme included invasive monitoring of arterial blood pressure, central venous pressure, and, when possible, pulmonary arterial and wedge pressures.
Case reports
Four patients with meningococcal septicaemia were treated with combined plasmapheresis and leucapheresis or blood exchange; all recovered within 10 days after admission without any sequelae. C3d present
Case 1-An 11 year old girl with a 17 hour history of fever, headache, and nausea developed a typical petechial rash shortly before admission. Treatment with intravenous benzylpenicillin (1-2 g), chloramphenicol (1 g), hydrocortisone (100 mg), and dextran 70 (500 ml) had been started before transport to this hospital. On admission the petechial bleeding had progressed to ecchymoses but peripheral circulation and urinary output were satisfactory. Combined plasmapheresis and leucapheresis was performed four and eight hours after admission without any haemodynamic deterioration. The concentration of endotoxin in plasma was reduced from 0-6 to 0 2 ,g/l during the first session of apheresis and to 0-1 iLg/l during the second.
A similar reduction in the monocyte tissue thromboplastin activity was observed. The following day she showed moderate diffuse intravascular coagulopathy.
Case 2-A 12 year old boy was admitted with a 12 hour history of vomiting, confusion, and temperature reaching 41 6°C. His petechias rapidly increased to disseminated ecchymoses. Benzylpenicillin (1-2 g) and chloramphenicol (1 g) were given intramuscularly one hour before his arrival at hospital. Intermittent positive pressure ventilation with positive end expiratory pressure was started immediately on admission. Combined plasmapheresis and leucapheresis was performed at four and 10 hours, 1-6 1 plasma being removed during each session. There was no urinary output during the first four hours after admission. During the first session of apheresis urinary output increased to 50 ml/hour. Shortly after the start of the procedure we observed a transient drop in blood pressure, which was rapidly reversed by dopamine. A similar circulatory collapse unrelated to apheresis was observed 12 hours later. During the second session of apheresis arterial oxygen pressure increased from 148 kPa (111 mm Hg to 28 5 kPa (214 mm Hg) at a fractional inspired oxygen of 0 8. Plasma endotoxin concentration was reduced from 4-5 to 1-0 Hg/l and monocyte tissue thromboplastin activity from 4-2",/10" cells to 1 80 /106 cells during the first session of apheresis; a similar reduction was observed during the second session. Over the following three days he had laboratory signs of diffuse intravascular coagulopathy.
Case 3-A 21 year old man developed fatigue, fever, and muscular pain 21 hours before admission. Before being moved to this hospital he was given benzylpenicillin (5 g) and chloramphenicol (1 g) intravenously. On admission he was confused and showed widespread ecchymoses and petechial bleeding. Intermittent positive pressure ventilation with positive end expiratory pressure was started immediately, and combined plasmapheresis and leucapheresis was performed one, seven, and 19 hours after admission to hospital, 2-1, 2-4, and 2 7 1 plasma respectively being removed. On admission the endotoxin concentration was 6-0,g/l and the tissue thromboplastin activity in the monocytes 1-40' /106 cells. During the apheresis sessions both these variables fell gradually. Peripheral circulation improved during the first session and an increase in arterial oxygen pressure from 18 4 kPa (138 mm Hg) to 25-0 kPa (188 mm Hg) at a fractional inspired oxygen of 0-5 was observed during the second session. Ketanserin and sodium nitroprusside were not given before or during the first session. He suffered from severe muscular aches for several days.
Case 4-A 3 year old girl had for two months before admission been treated with prednisolone for idiopathic thrombocytopenic purpura. Twelve hours before admission she developed a fever followed by a petechial rash, which initially was mistaken for a relapse of her idiopathic thrombocytopenic purpura. On admission her temperature was 41 2°C. During the next two hours she developed severe hypotension, impaired peripheral circulation, confusion, and convulsions. Artificial ventilation as well as blood exchange were started two and a half hours after admission. A volume of 12 1 blood was exchanged for fresh donor blood every six hours for the next 36 hours without any circulatory problems. Peripheral circulation improved during the first blood exchange but temporarily decreased thereafter until the next blood exchange. Arterial oxygen pressure increased from 10 5 kPa (79 mm Hg) to 37 9 kPa (284 mm Hg) during the second blood exchange at a fractional inspired oxygen of 0 8 (information was not available on arterial oxygen pressure during the first blood exchange) but thereafter steadily declined to 18 2 kPa (137 mm Hg). After the third blood exchange arterial oxygen pressure reached 27 2 kPa (204 mm Hg) at a fractional inspired oxygen of 0-7. The pupillary light reflexes were not detectable at the time of the first blood exchange but returned to normal during the third. During treatment the plasma endotoxin concentration and monocyte tissue thromboplastin activity gradually decreased from 3 1 ,ug/l and 130 '/106 cells, respectively, to zero. Interestingly, laboratory signs of disseminated intravascular coagulation were initially not observed in this patient, probably owing to her idiopathic thrombocytopenic purpura.
Discussion
During recent years all patients with meningococcal septicaemia who on admission to our hospital fulfilled at least four of the clinical criteria for the disease have died. Monocyte tissue thromboplastin activities and plasma endotoxin concentrations in these patients regularly exceeded 1-0%/106 cells and 10 ,tg/l respectively.5 9 Hence, on the basis of clinical and laboratory criteria, a fatal outcome would have been expected in all but case 1. All four patients recovered, however, without sequelae. During the first session of combined plasmapheresis and leucapheresis and the first blood exchange a clinical improvement in peripheral circulation was observed in all patients; in case 2 urinary output increased. Arterial oxygen pressure
The concentration of endotoxin and the activity of monocyte tissue thromboplastin were appreciably reduced during combined plasmapheresis and leucapheresis and during blood exchange treatment. C3d, which was present in the serum of all patients on admission, was not measurable after 24-48 hours of treatment. A similar reduction in endotoxin concentration and monocyte tissue thromboplastin activity during the first 24-48 hours in hospital was also observed, however, in patients with fatal meningococcal septicaemia not treated with apheresis. 5 9 C3d was not studied in these conventionally treated patients. This gradual reduction in endotoxin and monocyte tissue thromboplastin activity in patients not treated with apheresis or blood exchange may largely have been due to the binding of circulating endotoxin to cellular membranes with a subsequent reduction in monocyte stimulation. Hence the effect of combined plasmapheresis and leucapheresis cannot be evaluated by any of these laboratory variables.
One or more of the following factors may be responsible for the apparently successful effect of combined plasmapheresis and leucapheresis: (1) removal of plasma containing activated complement, activated clotting factors, and lysozymes secreted from activated granulocytes; (2) removal of activated and aggregated granulocytes, which excrete superoxide and hydroxy radicals and probably impair peripheral circulation3; (3) removal of activated monocytes exposing thromboplastin5; (4) removal of activated platelets with endotoxin attached; and (5) substitution of plasma factors by fresh frozen plasma.
Concomitant vasodilatation may be less important; one patient (case 3) improved without such treatment.
Technically our study shows that both combined plasmapheresis and leucapheresis and blood exchange may be performed even in critically ill patients with hypotension and poor peripheral circulation. The transient circulatory collapse observed in case 2 was probably not due to the apheresis as a similar event was observed 12 hours later unrelated to such treatment. In conclusion, it seems justifiable to try combined plasmapheresis and leucapheresis or blood exchange transfusion in critically ill patients with meningococcal septicaemia. The future place of this treatment, however, must be determined by clinical trials. From our limited experience the plasma concentration of endotoxin and the monocyte tissue thromboplastin activity may be of prognostic value.
(Accepted 14 November 1983) Late referral for maintenance dialysis P J RATCLIFFE, R E PHILLIPS, D 0 OLIVER Abstract A study of patients accepted for maintenance dialysis at the Oxford renal unit in 1981 showed that 23 out of 55 patients were referred late, very shortly before the need for dialysis. This pattern of referral was associated with a higher morbidity at the start of dialysis which may have been preventable. In the late referral group 16 patients (70%) suffered major complications and three (13%) died; by contrast, in the early referral group three patients (9%) suffered complications and one died.
Early referral to a renal unit plainly benefits the patient and allows Health Service resources to be used more economically.
Introduction
In a survey of patients in Britain dying of chronic renal failure the Medical Services Study Group of the Royal College of Physicians identified a group who died shortly after the start of dialysis,' and an accompanying leading article suggested that the deaths might have been due to late referral to specialist centres. 2 We have therefore reviewed the initial hospital morbidity and mortality and the type of dialysis in patients who began treatment for end stage renal failure in Oxford during 1981 classified according to whether they were referred early or late, late referral being defined as within one month before the start of dialysis.
Present study

PATIENTS
In all patients the decision to institute dialysis was based on uraemic symptoms associated with a creatinine clearance of less than 6 ml/min. Fifty five new patients started maintenance dialysis (24-4/ million population). Their ages ranged from 17 to 70 years, and the modal age group was 50-59; 16 patients (29%) were over 55. Table I lists their renal diagnoses.
Thirty two patients (58%) referred more than one month before
